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I N T R O D U C T I O N

T h i s document p r o v i d e s a summary of arsenic and o ther m e t a l s p r o c e s s i n g and
r e f i n i n g o p e r a t i o n s , with p o t e n t i a l arsenic air emi s s i on s , that have been conduc t ed at the
G l o b e P l a n t at various t imes since i t s i n c e p t i o n in 1886. The G l o b e P l a n t was ini t ial ly
constructed as a lead sme l t e r , known at that t ime as the H o l d e n S m e l t e r . The h i s t ory of the
subsequent opera t i on s and t h e i r p o t e n t i a l for p r o d u c i n g arsenic air emi s s ions can best be
described by l o o k i n g at f o u r s epara t e me ta l s o p e r a t i o n s , as f o l l o w s :

Lead S m e l t i n g :

Lead s m e l t i n g was the p r i n c i p a l o p e r a t i o n a t the G l o b e P l a n t f r o m the t ime the fac i l i ty
was constructed in 1886 u n t i l the s m e l t i n g o p e r a t i o n was d i s c o n t i n u e d in 1919.
A r s e n i c , pre s ent in low c onc en t ra t i on s in the lead ore, would also have been present
to some degree in the emis s ions f r o m the b las t f u r n a c e s and roasters.

A r s e n i c T r i o x i d e R e f i n i n g :

A r s e n i c t r i o x i d e was recovered f r o m lead s m e l t e r baghous e du s t f r o m 1910 u n t i l the
o p e r a t i o n was d i s c o n t i n u e d in 1926. F r o m 1920 u n t i l 1926 the G l o b e P l a n t
recovered and r e f i n e d arsenic t r i o x i d e f r o m the baghouse du s t s o f o ther lead
smel t er s .

C a d m i u m R o a s t i n g and C a l c i n i n g :

C a d m i u m was recovered f r o m lead s m e l t e r baghouse dus t on a s m a l l scale as ear ly
as 1912 and cadmium recovery became the p r i n c i p a l o p e r a t i o n at the G l o b e P l a n t
a f t e r arsenic t r i o x i d e o p e r a t i o n s d i s c o n t i n u e d in 1926. Two s t e p s in the cadmium
recovery proces s had p o t e n t i a l for s i g n i f i c a n t arsenic air emiss ions: r o a s t i n g o f l ead
s m e l t e r baghouse du s t to concentrate the cadmium, and c a l c i n i n g of the
concentrated d u s t . Lat er s t e p s in th e c a d m i u m r e f i n i n g proc e s s ; e.g., p u r i f i c a t i o n ,
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e l e c t r o p l a t i n g , and r e t o r t i n g , had l e s s p o t e n t i a l f or arsenic emi s s i ons because most
of the arsenic was e l i m i n a t e d by the roa s t ing and c a l c i n i n g opera t i on s . R o a s t i n g
o p e r a t i o n s ended in 1977 and c a l c i n i n g ceased in 1982, r e p l a c e d by
p y r o m e t a l l u r g i c a l processes. The cadmium c ircui t was d i s c o n t i n u e d in 1993.

H i g h P u r i t y M e t a l s R e f i n i n g :

Only h i g h p u r i t y m e t a l , l i t h a r g e , and b i s m u t h recovery and r e f i n i n g o p e r a t i o n s have
been conduc t ed at the G l o b e P l a n t over the past f i v e years. A r s e n i c emis s ions
associated with these o p e r a t i o n s , as c o n f i r m e d by air m o n i t o r i n g data, have been
n e g l i g i b l e .

The general nature and layout o f the f a c i l i t i e s d u r i n g various time p e r i o d s are shown
on F i g u r e s 1 t h r o u g h 7. Key h i s t o r i c e n g i n e e r i n g d r a w i n g s as sociated wi th the arsenic
t r i o x i d e r e f i n i n g o p e r a t i o n s are i n c l u d e d in A t t a c h m e n t A to t h i s document . The maps on
F i g u r e s 1 t h r o u g h 7 are based on various h i s t or i c maps p r o v i d e d in a companion document
s u m m a r i z i n g h i s t o r i c lead op era t i on s ( E n v i r o G r o u p 1998). T h e f o l l o w i n g s e c t ions d i s cu s s
each of the above G l o b e P l a n t o p e r a t i o n s and t h e i r p o t e n t i a l for arsenic emis s ions in more
d e t a i l .

L E A D S M E L T I N G O P E R A T I O N S C . 1886 T O 1919

The G l o b e P l a n t (known a t th e t ime a s th e H o l d e n S m e l t e r ) was in i t ia l ly constructed
as a lead smel t er . D e t a i l s of the h i s t o r i c lead s m e l t i n g o p e r a t i o n s are p r o v i d e d in the
c o m p a n i o n document ( E n v i r o G r o u p , 1998). R o a s t i n g and s m e l t i n g of lead ore would have
re su l t ed in some arsenic air emis s ions due to the presence of arsenic in the ore. A c c o r d i n g
to l i e s ( 1 9 0 2 ) , arsenic c onc en tra t i on s in the lead s m e l t e r baghouse dus t ranged f r o m 1.5 to
5 p e r c e n t ; t h e r e f o r e , arsenic emis s ions can be e s t imat ed as a f r a c t i o n of overal l emi s s ions ,
or as a f r a c t i o n of lead emis s ions .
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C o n t r o l s o f emi s s i ons f r o m the s m e l t i n g o f l ead were g r e a t l y increased with the
a d d i t i o n of a 1200 f o o t l o n g f l u e and bag house in 1891 (lies, 1902) r e s u l t i n g in a 63%
r e d u c t i o n in lead concen tra t i on in b la s t f u r n a c e smoke. The bag house was f u r t h e r
e x p a n d e d a f t e r 1905 under o w n e r s h i p o f A m e r i c a n S m e l t i n g a n d R e f i n i n g C o m p a n y .

A R S E N I C T R I O X I D E P R O D U C T I O N C . 1912-1926

D e s c r i p t i o n of Process

Lead b l a s t - f u r n a c e f l u e dus t contains a certain amount of arsenic, d e p e n d i n g on the
arsenic content of the ore and the t e m p e r a t u r e of the f u r n a c e (i.e. , the amount of arsenic
ox ide v o l a t i l i z e d ) . A c c o r d i n g to l i e s ( 1 9 0 2 ) , the arsenic content o f the b la s t f u r n a c e
baghou s e du s t a t the G l o b e P l a n t in the 1890' s was t y p i c a l l y greater than 1.5 perc ent and
rarely greater than 5 percent. T h i s was cons i s t en t wi th ores p r e d o m i n a n t l y f r o m the
L e a d v i l l e area, which contained an average 0.1 percent arsenic ( G u y a r d 1884). However ,
over time the G l o b e P l a n t began to process ore f r o m more diverse sources, i n c l u d i n g
M o n t a n a , U t a h , and Mexi co (Fel l 1979); ores f r o m some o f these l o c a t i o n s contained h i g h e r
concentra t ions of arsenic (e.g. Parsons 1925). R e c y c l i n g of baghouse dus t f r o m these ores
back t h r o u g h the b la s t f u r n a c e s cou ld re su l t in d u s t s wi th arsenic concentra t i on s in the 30 to
60 percent range ( C a r a p e l l a 1964, Parsons 1925).

The recovery and r e f i n i n g o f arsenic t r i o x i d e f r o m baghouse d u s t s with elevated
arsenic c onc en tra t i on s was a two s t e p process. First, arsenic t r i o x i d e was vaporized or
s u b l i m a t e d f r o m the dust by roa s t ing at r e l a t i v e l y low t e m p e r a t u r e s ; o ther me ta l s with h i g h e r
v o l a t i l i z a t i o n t e m p e r a t u r e s , such as cadmium and l e a d , t e n d e d to remain in the du s t . The
roaster f u m e s were then routed t h r o u g h a series of br i ck f l u e s known as "black arsenic
f l u e s " , where the gas cooled and the arsenic t r i o x i d e condensed as c ry s ta l s (e.g., see
C a r a p e l l a 1964, Hayward 1940, Parsons 1925 for d e s c r i p t i o n s o f the arsenic r e f i n i n g
pro c e s s) . A l t h o u g h most of the arsenic t r i o x i d e would have condensed and s e t t l e d out in
the f l u e s , gases l e a v i n g the f l u e s were conveyed to a d e d i c a t e d p o r t i o n o f the baghouse for
f u r t h e r cap ture o f t h e p r o d u c t . In a s i m i l a r proce s s de s cr ibed by Parsons ( 1 9 2 5 ) , th e
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r e s u l t i n g b la ck f l u e dus t contained 90 to 92 percent arsenic t r i o x i d e , w h i l e in more modern
r e f i n e r i e s , arsenic t r i o x i d e l e v e l s in the b lack dus t would be as h i g h as 95 percent ( C a r a p e l l a
1964).

The second s t e p of the arsenic t r i o x i d e r e f i n i n g proces s was conduc t ed in the
arsenic r e f i n e r y (e.g., see F i g u r e 3), where the b la ck f l u e dus t was roasted again to re-
s u b l i m a t e t h e arsenic t r i o x i d e . The f u m e s f r o m th e arsenic r e f i n i n g f u r n a c e s were routed
t h r o u g h a second set of f l u e s , ca l l ed the "white arsenic kitchens", r e f l e c t i n g the color of th i s
purer p r o d u c t . The r e s u l t a n t p r o d u c t was a p p r o x i m a t e l y 95% ( c r u d e ) to 99% (ref ined)
arsenic t r i ox id e (Parsons 1925, Hayward 1940, C a r a p e l l a 1964). Gases that l e f t the white
arsenic k i t chens were al so conveyed to the baghouse. The r e s u l t a n t baghouse dust was
returned to the arsenic roaster or r e f i n e r y f u r n a c e s for r epro c e s s ing .

The f ina l arsenic t r i o x i d e p r o d u c t was conveyed to th e arsenic mi l l , l o c a t e d in th e
f o r m e r s i lver and g o l d r e f i n e r y b u i l d i n g (Figure 3), where i t was g r o u n d , s i eved, and
packaged in barre l s for s h i p m e n t . The mill e q u i p m e n t and arrangement are shown on
h i s t o r i c e n g i n e e r i n g drawings in A t t a c h m e n t A.

C h r o n o l o g y

H i s t o r i c e n g i n e e r i n g drawing s (see A t t a c h m e n t A) i n d i c a t e that the G l o b e P l a n t was
e v a l u a t i n g various o p t i o n s for arsenic recovery in l a t e 1909. By 1910 or 1 9 1 1 , hand roaster
No. 9 in Roaster B u i l d i n g No. 2 (see F i g u r e 3) was d e d i c a t e d to roa s t ing of baghouse dust
f or th e p u r p o s e o f c o n c e n t r a t i n g arsenic in the dus t . F u m e s f r o m th i s roaster were in i t ia l ly
conveyed d i r e c t l y to the b la s t f u r n a c e baghouse. By 1912 or 1913, hand roaster No. 9 was
r e p l a c e d wi th a more e f f i c i e n t mechanical "arsenic" roaster (see A t t a c h m e n t A), and the
f u m e s were routed t h r o u g h "black arsenic f l u e s " , p r i o r to v e n t i n g to the f i r s t 11 rooms of the
baghouse t h r o u g h a new, d e d i c a t e d f a n a n d f l u e system ( F i g u r e 3 ) . T h e p r o d u c t i o n
capac i ty of the hand roaster was a p p r o x i m a t e l y 12 tons per day of ore (EMJ 43, p. 425),
w h i l e the p r o d u c t i o n c a p a c i t y of the mechanical roaster was l i k e l y in the range of 26 t/d ( the
c a p a c i t y o f th e s i m i l a r Brown-O'Hara mechanical roasters, s e e Ingal l s 1906, p . 304.)
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The arsenic r e f i n e r y was al so cons truc t ed around 1910 or 1 9 1 1 , c o n s i s t i n g of one
f u r n a c e and two "white arsenic kitchens" (Figure 3). A second arsenic r e f i n i n g f u r n a c e and
another k i t chen were constructed about 1918.

On J u n e 2 6 , 1 9 1 9 , a l l o p e r a t i o n s a t the G l o b e P l a n t were d i s c o n t i n u e s , i n c l u d i n g
lead s m e l t i n g and arsenic r e f i n i n g , u n t i l arsenic r e f i n i n g resumed in A u g u s t 1920 and the
t h i r d arsenic r e f i n e r y was cons tructed . N e v e r t h e l e s s , there was l i t t le a c t iv i ty except
d i s m a n t l i n g o f lead s m e l t e r and roa s t ing e q u i p m e n t u n t i l the s p r i n g o f 1922, when F. C.
G i l b e r t was p l a c e d in charge of by-produc t recovery and the arsenic r oa s t ing and r e f i n i n g
f u r n a c e s were put back in o p e r a t i o n ( S a d a r 1952). A f o u r t h white arsenic kitchen was
a d d e d in 1924.

B e g i n n i n g circa 1920, one or more of the G o d f r e y roasters in f o r m e r Roaster
B u i l d i n g No.1 was used for r oa s t ing lead s m e l t e r d u s t , in a d d i t i o n t o th e mechanical arsenic
roaster. The G o d f r e y roasters were al so connected to the b lack f l u e s and baghouse.

A r s e n i c t r i o x i d e r e f i n i n g ceased sometime on or around 1926. The arsenic p l a n t
b u i l d i n g s , except f o r t h e G o d f r e y Roaster B u i l d i n g , were d e m o l i s h e d sometime between
1937 and 1948.

P o t e n t i a l f o r A r s e n i c A i r Emi s s i on s

The arsenic recovery and r e f i n i n g process r e l i ed upon the capture o f s u b l i m a t e d
arsenic t r i o x i d e p a r t i c l e s , p r i m a r i l y w i t h i n th e b lack arsenic f l u e s and white arsenic k i t ch en s ,
but a l so at the baghouse where the roaster gases were u l t i m a t e l y routed. N o n e of the
arsenic roaster or f u r n a c e emi s s i ons were vented by s tacks , as t h i s would have caused the
re lease , rather than the c o l l e c t i o n , o f the i n t e n d e d p r o d u c t . As a r e s u l t , the two p r i n c i p a l
sources of any air emis s ions f r o m the arsenic o p e r a t i o n s were f r o m the baghouse and f r o m
f u g i t i v e sources.

As d i s cu s s ed above, emi s s i on s f r o m the mechanical roaster (ini t ia l ly a hand roas ter)
and the b l a c k arsenic f l u e s were routed to the baghou s e , as were the emis s ions f r o m the
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arsenic r e f i n i n g f u r n a c e s and whi t e arsenic k i t chens . A c c o r d i n g t o C a r a p e l l a ( 1 9 6 4 ) , t h e
f u m e s l e a v i n g white arsenic k i t ch en s are t y p i c a l l y 90 percent arsenic t r i o x i d e ; f u m e s f r o m
the b lack arsenic f l u e s would l ike ly have had lower arsenic concentra t ions .

The maximum air f l o w t h r o u g h the arsenic p o r t i o n of the baghouse can be e s t imated
f r o m the size o f the fan and f l u e system that conveyed the f u m e s f r o m al l o f the arsenic
roasters and f u r n a c e s to the bags (see d r a w i n g s in A t t a c h m e n t A). The arsenic p o r t i o n of
the baghouse received gases via a 5 f o o t d i a m e t e r steel f l u e , with 30" d i a m e t e r headers
l e a d i n g of f the f lue at r i g h t a n g l e s into each room of the baghouse . A 10 f t d i a m e t e r fan
operat ed by a 30 hp motor f o r c e d air t h r o u g h the f l u e . A s s u m i n g a maximum reasonable
f lue a ir v e l o c i t y o f 2000 f p m , based on good e n g i n e e r i n g and o p e r a t i n g prac t i c e s (P. N u s z ,
Asarco) the u p p e r l i m i t f or a ir f l o w t h r o u g h the arsenic baghouse i s c a l c u l a t e d to be about
39,000 c f m . A l t e r n a t i v e l y , the actual air f l o w rate (acfm) may be c a l c u l a t e d f r o m the brake
horse power o f the fan and the s t a t i c pr e s sure d i f f e r e n c e by the f o l l o w i n g equat ion:

a c f m = ( b h p * 6 3 5 6 * e f f i c i e n c y ) / s t a t i c head d i f f e r e n c e

Conservat ive e s t imate s of fan e f f i c i e n c y and s t a t i c head are 0.65 and 2 inches , r e sp e c t i v e ly .
T h e r e f o r e , a s s uming a bhp of 30, the c a l c u l a t e d air f l o w rate is 52,000 a c f m . T h e r e f o r e , a
maximum a i r f l o w rate in the range of 40,000 to 50,000 a c f m is reasonable for the arsenic
p o r t i o n of the baghouse.

F u g i t i v e emi s s ions would have been associated with each of the roaster or f u r n a c e
b u i l d i n g s , material h a n d l i n g between b u i l d i n g s , a n d t h e arsenic m i l l b u i l d i n g , where t h e
r e f i n e d arsenic t r i o x i d e w a s ground a n d packaged f o r s h i p p i n g . G l o b e P l a n t e n g i n e e r i n g
drawing s (see A t t a c h m e n t A) show vent hoods over the g r i n d i n g and p a c k i n g s t a t i o n s ,
which a p p e a r to recover the p r o d u c t . No vent stack is shown on the drawings .
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C A D M I U M R O A S T I N G A N D C A L C I N I N G C . 1905 T O 1983

Lead b la s t f u r n a c e f lue du s t can al so contain certain amounts o f c a d m i u m , r a n g i n g
f r o m 5 to 55 p e r c en t , d e p e n d i n g on the source of the ore. The ear ly p y r o m e t a l l u r g i c a l
proc edure s for recovery of cadmium f r o m baghouse dust at the G l o b e P l a n t are described
in an April 1, 1928 document e n t i t l e d "Out l in e of C a d m i u m Process". No author i s i n d i c a t e d ,
but other r e f er ence s f r o m t h i s era s ugge s t i t was l ikely wri t ten by Roscoe T e a t s , the G l o b e
P l a n t s u p e r i n t e n d e n t at the time. A c c o r d i n g to th i s d o c u m e n t , baghouse dus t with s u f f i c i e n t
cadmium concentra t i ons was first re-roasted at 825 SC to increase cadmium concentra t i on s
to the 40 percent range; because of its lower v o l a t i l i z a t i o n t e m p e r a t u r e , a s i g n i f i c a n t
p erc en tage of the arsenic in the du s t (20% of the arsenic o r i g i n a l l y in the d u s t , a c cord ing to
t h i s d o c u m e n t ) would also be v o l a t i l i z e d a l o n g with the cadmium.

R o a s t i n g o f the cadmium du s t was f o l l o w e d by c a l c i n i n g , which involved m i x i n g
s u l f u r i c acid with the cadmium dust and h e a t i n g the mix ture in a c a l c i n i n g furnac e . The
cadmium in the dust would react with the s u l f u r in the acid to f o r m s o l u b l e cadmium s u l f a t e ,
w h i l e lead and other me ta l s would f o r m i n s o l u b l e s u l f a t e s and s u l f i d e s . As a r e s u l t , the
s o l u b l e cadmium could be l eached or washed f r o m the mix tur e , l e a v i n g the other me ta l s
b e h i n d . A r s e n i c would tend to be v o l a t i l i z e d and emi t t ed f r o m the ca l c ine roaster s tack, or
would p r e c i p i t a t e ou t with th e lead s u l f a t e . Aft er th e cadmium s u l f a t e s o l u t i o n was extracted
f r o m t h e ca l c in e s , t h e s o l u t i o n would undergo a d d i t i o n a l h y d r o m e t a l l u r g i c a l p u r i f i c a t i o n
s t e p s p r i o r t o e l e c t r o p l a t i n g t o recover cadmium metal f r o m t h e p u r i f i e d s o l u t i o n . F i n a l l y , t h e
cadmium metal was me l t ed and re-vaporized in retort f u r n a c e s to p r o d u c e cadmium and
cadmium ox ide powders. N o n e o f t h e cadmium r e f i n i n g s t e p s a f t e r c a l c i n i n g would have
had s i g n i f i c a n t arsenic emis s ions (e.g., s ee TRC 1988).

C a l c i n i n g Opera t i on

A c c o r d i n g to l i e s ( 1 9 0 2 ) , cadmium had not been f o u n d in the baghouse dus t up to
the turn of the c entury; however, low conc en tra t i on s of cadmium were be ing recovered f r o m
baghouse du s t on a s m a l l s ca le as ear ly as 1912 ( S a d a r 1952). At t h i s t ime , a c c o r d i n g to
Ambro s e ( 1 9 5 2 ) , baghouse dus t with low cadmium concentrat ions was proce s s ed without
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conc en tra t i on t h r o u g h a d d i t i o n a l roa s t ing . The in i t i a l c a l c in e f u r n a c e wa s a p o r t i o n o f a f l u e
o r i g i n a l l y used f or t h e f o r m e r s i l v e r and g o l d r e f i n i n g proce s s , t h r o u g h which cakes o f
cadmium dust mixed with s u l f u r i c acid were p u l l e d o n carts ( F i c k l i n 1952). T h i s f l u e
connected to one o f the o r i g i n a l 50 f o o t tal l stacks for the f o r m e r r e f i n e r y b u i l d i n g (e.g., s ee
Apri l 6 ,1905 map, A t t a c h m e n t A). The c a p a c i t y o f th e proces s was a p p r o x i m a t e l y 2 tons o f
dus t p er day ( S a d a r 1952).

C a d m i u m recovery o p e r a t i o n s had increased by 1917 ( A m b r o s e 1952), but the
amount of cadmium recovery p r i o r to the c e s sa t ion of arsenic t r i o x i d e r e f i n i n g in 1926 was
l ike ly l i m i t e d , based on the s m a l l size of the c a l c i n i n g f u r n a c e , the low grade of the cadmium
d u s t , and the a c c u m u l a t i o n of l arge stocks of dus t by 1926 ( T e a t s 1926).

After th e arsenic t r i o x i d e r e f i n i n g o p e r a t i o n was d i s c o n t i n u e d in 1926, the G l o b e
P l a n t was converted to p e r f o r m l a r g e r scale cadmium recovery o p e r a t i o n s , u s ing lead
s m e l t e r baghouse dust f r o m other lead sme l t er s f o r f e e d stock. T h e f l u e c a l c in e f u r n a c e i n
the f o r m e r s i lver and g o l d r e f i n e r y b u i l d i n g was r ep laced with a l a r g e r H e r r e s h o f f f u r n a c e
(No. 1 C a l c i n e r ) in 1925 (e.g. , s e e F i g u r e 4), f o l l o w e d by two a d d i t i o n a l H e r r e s h o f f f u r n a c e s
by 1935 ( A m b r o s e 1952). The H e r r e s h o f f f u r n a c e s initially vented to the 90 f o o t stack on
the north s ide of the f o r m e r r e f i n e r y (now the C a l c i n e ) b u i l d i n g , then to a 142 f o o t concrete
stack that was cons tructed circa 1930, a c c ord ing to h i s t o r i c maps (see F i g u r e 5). In 1945
the concrete stack was r e p l a c e d by the e x i s t i n g 150 f o o t brick stack.

By 1940, it was recognized that c a l c i n i n g cadmium dus t w i th h i g h arsenic
concentra t ions cou ld r e su l t in c o n d e n s a t i o n of arsenic t r i o x i d e c r y s t a l s on the i n s i d e of the
s tack, which cou ld blow out d u r i n g wind gus t s and land on n e i g h b o r i n g p r o p e r t y w i t h i n a 500
f o o t rad iu s ( L a b b e 1940). In order to evaluate o p t i o n s to control such events,
measurements were made d u r i n g c a l c i n i n g o f dus t f r o m the S e l b y s m e l t e r which had
p a r t i c u l a r l y h i g h arsenic c oncen tra t i on of 9.45 percent ( T e a t s 1940). T h e s e measurements
i n d i c a t e d that 134,780 p o u n d s of du s t were ca l c ined over 248 hours, which contained
12,736 p o u n d s of arsenic based on the arsenic concentra t ion of 9.45 percent . After
r o a s t i n g , t h e arsenic concen tra t i on o f t h e ca l c ine s ( 1 6 5 , 6 9 0 p o u n d s o f dus t p l u s s u l f u r i c
a c i d ) was on ly 4.2 p e r c en t , i n d i c a t i n g that 6959 p o u n d s of arsenic were left in the calcines.
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T h e r e f o r e , 5,777 p o u n d s of ar s enic , or 45 p er c en t of the arsenic o r i g i n a l l y in the d u s t , had
v o l a t i l i z e d and gone up the stack over the 248 hour p e r i o d . At a gas f l o w rate of 10,890
cubic f e e t p e r minut e ( c f m ) , t h i s r epr e s en t ed 0.000036 p o u n d s p e r cubic f o o t ( p c f ) o f
arsenic, or 0.000047 pcf of arsenic t r i o x i d e .

As the gas went up the ca l c ine stack, some of the arsenic t r i o x i d e was a p p a r e n t l y
c o n d e n s i n g on the w a l l s near the top of the stack which, t h e r e f o r e , must have been at
t empera tur e s lower than the min imum s u b l i m a t i o n t e m p e r a t u r e of arsenic t r i o x i d e , or 121 9 C
(250 s F). One o f th e s u g g e s t i o n s p r o v i d e d in Labbe ( 1 9 4 0 ) for a v o i d i n g a b u i l d u p o f arsenic
t r i o x i d e crystal s was to o c c a s i o n a l l y burn a d d i t i o n a l natural gas to increase the t e m p e r a t u r e
of the stack gases to about 600s F when the wind was b l o w i n g f r o m the north. This
proc edure was i n t e n d e d to s u b l i m a t e the a c cumula t ed cry s ta l s and cause the r e s u l t i n g
arsenic emi s s ions to travel toward the s ou th so that it would not impac t n e i g h b o r i n g
p r o p e r t y w i t h i n 500 f e e t of the s tack which lay to the north. We have not f o u n d any
re f e r enc e s to i n d i c a t e whether or not Labbe' s s u g g e s t i o n was ever i m p l e m e n t e d .

The arsenic t r i o x i d e concentra t ion in gases r e s u l t i n g f r o m the c a l c i n i n g o f du s t s with
lower arsenic concentrat ions would have been p r o p o r t i o n a t e l y lower. A c c o r d i n g to Labbe
( 1 9 4 0 ) , d u s t s f r o m the Murray s m e l t e r ranged f r o m 5 to 6 percent arsenic, w h i l e C h i h u a h u a
and San L u i s s m e l t e r d u s t s ranged between 1.5 and 2 percent arsenic. M i l e s ( 1 9 7 0 )
repor t ed arsenic l e v e l s of 2 percent in C h i h u a h u a dus t and 0.3 percent in du s t f r o m El Paso.
Based on mass balance i n f o r m a t i o n p r o v i d e d by M i l e s ( 1 9 7 0 ) and t y p i c a l arsenic
concentra t ions in gas c l e a n i n g s o l u t i o n s that were c o n t r o l l i n g ca l c in e stack emis s ions a f t e r
about 1953 (see TRC 1988), a p p r o x i m a t e l y 44 percent of the arsenic in the lower
concentra t i on d u s t s f r o m C h i h u a h u a and El Paso were v o l a t i l i z e d in the c a l c i n i n g process.
T h i s c a l c u l a t i o n compares we l l wi th the 45 percent value r epor t ed by T e a t s (1940). It
s h o u l d be no t ed , however, that most of the arsenic in the ca l c in e emi s s ions a f t e r 1953 were
removed by the mist p r e c i p i t a t o r and C o t t r e l l gas c leaner.

C a l c i n i n g o p e r a t i o n s ceased in 1983, when the p y r o m e t a l l u r g i c a l c a l c i n i n g proces s
was r e p l a c e d by the h y d r o m e t a l l u r g i c a l l e a c h i n g processes . A r s e n i c emis s ions associated
with the l e a c h i n g proces se s were i n s i g n i f i c a n t (see TRC 1988).
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G o d f r e y Roaster O p e r a t i o n

By 1926, cadmium was be ing concentrated in the dus t by roa s t ing in G o d f r e y
Roasters, which were connected to the o r i g i n a l lead b la s t f u r n a c e baghouse. A c c o r d i n g to
the 1928 "Outl ine of C a d m i u m Process" do cument , 30 one-ton charges (50% d u s t ) were
roasted per day at 825 aC. The r e s u l t a n t f u m e s were cap tured in the baghouse and
contained 35 to 75 percent cadmium, 5 to 15 percent l e a d , and 2 to 12 percent arsenic.
A c c o r d i n g to T e a t s ( 1 9 2 6 ) , 1,142,800 p o u n d s of dus t c o n t a i n i n g an average 51.8 percent
cadmium were proces sed d u r i n g the first seven month s of 1926, and 10 to 15 percent of the
arsenic in the dus t was lo s t in the c a l c i n i n g f u r n a c e ( t h e arsenic concentrat ion of the dust
was not m e n t i o n e d ) .

F r o m about 1926 to the 1950's , the G o d f r e y Roaster was used to concentrate
cadmium in du s t f r o m various lead sme l t er s . By the 1960' s , however, most o f the
c onc en tra t ing was done at the G o d f r e y Roaster in El Paso, and the G l o b e P l a n t roaster was
p r i m a r i l y used for recovery of cadmium f r o m cal c ine and p u r i f i c a t i o n muds and residues.
The arsenic concentrat ions in these m a t e r i a l s averaged about 1 to 2 percent arsenic (Miles
1970). F u r t h e r , d u r i n g th e 1950 ' s and l a t e r years th e G o d f r e y Roaster wa s o n l y operated f o r
one to three months a year (e.g., G l o b e P l a n t Research R e p o r t s , 7 / 2 0 / 5 1 ; 1 2 / 2 0 / 5 6 ; 2 / 7 / 6 7 ;
2 / 2 9 / 7 0 ) .

I n i t i a l l y , G o d f r e y Roaster emi s s i ons were c o n t r o l l e d b y t h e o r i g i n a l baghouse f o r t h e
lead b la s t f u r n a c e s (Figure 4,1927 t h r o u g h 1930). The o r i g i n a l baghouse was r e p l a c e d in
1947 by a new baghouse (e.g., see F i g u r e 5, 1931 t h r o u g h 1948), which was used to
control G o d f r e y Roaster emis s ions u n t i l the roaster was d i s c o n t i n u e d in 1977. Gas f l o w
rates to the new baghouse were measured at 63,500 cfm on a hot summer day, when
"excessive" amounts of c oo l ing air were added to maintain the gas t emperature below 200s

F in the baghouse (Donoso 1947); t h e r e f o r e , on more t y p i c a l cooler days , the gas f l o w rate
would have been lower.
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H I G H P U R I T Y M E T A L S R E F I N I N G

O n l y h i g h p u r i t y m e t a l , l i t h a r g e , and b i s m u t h recovery and r e f i n i n g op era t i on s have
been conduc t ed at the G l o b e P l a n t over the past f i v e years. A r s e n i c emi s s ions as sociated
with these o p e r a t i o n s , as c o n f i r m e d by air m o n i t o r i n g da ta , have been n e g l i g i b l e .

S m a l l scale p r o d u c t i o n of arsenic metal by a labora tory p l a t i n g process was al so
conducted at the G l o b e P l a n t . In t h i s proce s s , arsenic t r i o x i d e was purcha s ed as a f e e d
m a t e r i a l , rather than b e ing p r o d u c e d as a p r o d u c t . Other than v e n t i l a t i o n air, which was
c o n t r o l l e d by a baghous e , there were no d ire c t air emis s ions associated with these
processes. A r s e n i c concentrat ions in the baghouse emis s ions would have been n e g l i g i b l e .
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